Objective: To assess the feasibility and safety of selective nonoperative management in penetrating abdominal solid organ injuries. Background: Nonoperative management of blunt abdominal solid organ injuries has become the standard of care. However, routine surgical exploration remains the standard practice for all penetrating solid organ injuries. The present study examines the role of nonoperative management in selected patients with penetrating injuries to abdominal solid organs. Patients and Methods: Prospective, protocol-driven study, which included all penetrating abdominal solid organ (liver, spleen, kidney) injuries admitted to a level I trauma center, over a 20-month period. Patients with hemodynamic instability, peritonitis, or an unevaluable abdomen underwent an immediate laparotomy. Patients who were hemodynamically stable and had no signs of peritonitis were selected for further CT scan evaluation. In the absence of CT scan findings suggestive of hollow viscus injury, the patients were observed with serial clinical examinations, hemoglobin levels, and white cell counts. Patients with left thoracoabdominal injuries underwent elective laparoscopy to rule out diaphragmatic injury. Outcome parameters included survival, complications, need for delayed laparotomy in observed patients, and length of hospital stay. Results: During the study period, there were 152 patients with 185 penetrating solid organ injuries. Gunshot wounds accounted for 70.4% and stab wounds for 29.6% of injuries. Ninety-one patients (59.9%) met the criteria for immediate operation. The remaining 61 (40.1%) patients were selected for CT scan evaluation. Forty-three patients (28.3% of all patients) with 47 solid organ injuries who had no CT scan findings suspicious of hollow viscus injury were selected for clinical observation and additional laparoscopy in 2. Four patients with a "blush" on CT scan underwent angiographic embolization of the liver. Overall, 41 patients (27.0%), including 18 cases with grade III to V injuries, were successfully managed without a laparotomy and without any abdominal complication. Overall, 28.4% of all liver, 14.9% of kidney, and 3.5% of splenic injuries were successfully managed nonoperatively. Patients with isolated solid organ injuries treated nonoperatively had a significantly shorter hospital stay than patients treated operatively, even though the
former group had more severe injuries. In 3 patients with failed nonoperative management and delayed laparotomy, there were no complications. Conclusions: In the appropriate environment, selective nonoperative management of penetrating abdominal solid organ injuries has a high success rate and a low complication rate. (Ann Surg 2006; 244: 620 -628) N onoperative management of blunt trauma to solid intraabdominal organs (liver, spleen, kidney) has been the standard of care for many years. However, the concept of selective nonoperative management for penetrating solid organ injuries has remained largely unexplored and operative management is considered as the standard of care by most surgeons. The Los Angeles County and University of Southern California (LACϩUSC) Trauma Center has been practicing nonoperative management of selected patients with penetrating solid organ injuries for more than 12 years. The present prospective study evaluated the safety and success rate of nonoperative management of penetrating injuries to the liver, spleen, or kidney.
PATIENTS AND METHODS
This prospective study was performed at the LAC ϩ USC Trauma Center over a 20-month period (May 2004 to January 2006). The study included all patients with penetrating trauma to the liver, spleen, or kidney, diagnosed at laparotomy or by CT scan evaluation. The protocol for the evaluation and management of penetrating abdominal injuries is shown in Figure 1 . Patients with hemodynamic instability, peritonitis (rigidity, rebound tenderness, significant tenderness away from the wound), associated head or spinal cord injury, or those who required an extra-abdominal operation under general anesthesia were selected for emergent laparotomy.
Clinically evaluable patients who were hemodynamically stable and had no signs of peritonitis were evaluated by CT scan with intravenous contrast. No routine oral or rectal contrast was administered. The entry and in the appropriate cases the exit site of the bullet were marked with external markers. The whole abdomen between the lower chest and pubic symphysis was scanned. The area between the marked entry and exit site or retained bullet was scanned with 3-mm slices. The following findings were considered as diagnostic or highly suspicious signs of hollow viscus injury: free intraperitoneal or retroperitoneal air, free intraperitoneal fluid in the absence of solid organ injury, localized bowel wall thickening, or bullet tract close to a hollow viscus with surrounding hematoma. The presence of contrast "blush" was considered as a significant finding suggestive of active bleeding or false aneurysm and, depending on the hemodynamic condition of the patient, an operation or angiographic evaluation was performed (Table 1 ). In the absence of CT scan findings suggestive of hollow viscus injury, all patients with penetrating solid organ injury were selected for nonoperative management. Patients with left thoracoabdominal injuries underwent delayed laparoscopic evaluation (Ͼ8 hours after admission) to rule out diaphragmatic injury and any diaphragmatic perforation was repaired laparoscopically. All observed patients were admitted to a monitored area, which is also the base station of the trauma team on call. The observation included serial clinical examinations of the abdomen and monitoring of blood pressure, pulse rate, hemoglobin, and white cell count. No prophylactic antibiotics or narcotic analgesic drugs were administered. If signs of peritonitis or a significant drop of the hemoglobin requiring acute blood transfusion occurred, an operation was performed. Otherwise, the patient was discharged 24 to 48 hours after admission, unless associated injuries required further inpatient care.
The following data were collected for the purpose of the study: age, gender, mechanism of penetrating trauma (gunshot wound or stab wound), blood pressure and heart rate on admission, signs of peritonitis on initial evaluation, first hemoglobin, FAST results, chest x-ray, CT scan and laparoscopic findings, injured solid organ (liver, spleen or kidney), AAST grade of solid organ injury, time from admission to laparotomy, operative findings, type of surgical management, blood transfusion requirements, ICU and hospital stay, survival, and abdominal and extra-abdominal complications. The study was approved by the hospital's IRB.
RESULTS
During the study period, there were 152 patients with 185 penetrating abdominal solid organ injuries diagnosed at laparotomy or by CT scan. Gunshot injuries accounted for 70.4% (107 patients) and stab wounds for the remaining 29.6% (45 patients). The liver was the most commonly injured solid organ (73.0%) followed by the kidney (30.3%) and the spleen (30.3%). Thirty-three patients (21.7%) had more than one solid organ injury.
Overall, 91 patients (59.9%) had signs of peritonitis, hemodynamic instability, other major extraperitoneal injuries requiring an operation or spinal cord or head trauma and underwent an emergency laparotomy. The remaining 61 patients (40.1%) were selected for CT scan evaluation and 2 patients with left thoracoabdominal injuries were planned for elective laparoscopy. The epidemiologic characteristics and initial clinical presentation of the 2 groups of patients are shown in Table 2 . Overall, 10 patients (6.6%) were hypotensive (systolic blood pressure Ͻ90 mm Hg) on admission, 7 (4.6%) had a first hemoglobin level Ͻ9 g/dL and 52 (34.2%) had a positive FAST ( Table 2) .
Immediate Operation Group
Ninety-one patients (59.9%) underwent an emergency laparotomy because of signs of peritonitis, hemodynamic instability, or clinically unevaluable abdomen. The mean time from admission to operation was 30 minutes (range, 5-118 minutes). There were 114 solid organ injuries. The liver was injured in 64 (70.3%) cases, the spleen in 23 (25.3%), and the kidney in 27 (29.7%). In 23 cases (25.3%), there was more Table 3 ). In 27 (23.7%) of the 114 solid organ injuries, there was no active bleeding at the time of operation and no specific treatment was considered necessary. In 39 (34.2%) cases, the injured solid organs were managed by simple surgical techniques such as suturing and/or local hemostatic agents and in 22 (19.3%) with complex techniques and packing for damage control. Postoperative angiographic embolization was required in 2 cases (1.8%). Of the 64 liver injuries, 21 (32.8%) did not need any treatment, 21 (32.8%) required simple surgical techniques, and 22 (34.4%) needed damage control procedures. Two patients (3.1%) required angiographic embolization immediately after the operation. Of the 23 splenic injuries, 17 (73.9%) underwent splenectomy and 6 (26.1%) repair. Of the 27 kidney injuries, a nephrectomy was performed in 9 (33.0%), repair in 12 (44.4%), and no exploration in 6 (22.2%) ( Table 4 ).
The overall mortality was 16.5% (15 deaths). Only 2 deaths were directly related to liver injuries. The remaining 13 deaths had other major associated cardiovascular injuries. Fourteen deaths occurred within 24 hours due to massive hemorrhage and 1 death occurred on day 27 due to sepsis and multiorgan failure. There were no deaths in the 13 patients with isolated solid organ injuries.
Overall, 12 patients (13.2%) developed 20 complications. Eleven patients (12.1%) developed 14 abdominal complications. The incidence of abdominal complications was 6.3% in liver, 17.4% in spleen, and 14.8% in kidney injuries.
Patients Selected for CT Scan Evaluation
Sixty-one patients (40.1%) did not meet the protocol criteria for immediate operation and were selected for evaluation with CT scan. Two patients developed peritoneal signs after admission and were operated on before CT evaluation. The first had an isolated grade II stab wound to the liver and the second had a gunshot wound to the liver (grade IV) with associated stomach and colon injuries. Both patients had an uneventful recovery without any complications. A third patient did not undergo a CT scan in violation of the protocol. This patient required a laparotomy 19 hours after admission and a grade III liver injury was repaired with deep sutures and packing. The recovery was uneventful.
In the remaining 58 patients, the CT scan evaluation showed liver injury in 42, splenic injury in 5, and renal injury in 19 patients. Eight patients had more than one solid organ injury. In 15 patients, the CT scan findings were suspicious for hollow viscus or diaphragmatic injury and an exploratory laparotomy was performed. Forty-three patients (28.3% of all patients) with 47 diagnosed solid organ injuries were selected for either semi-elective laparoscopy to rule out diaphragmatic injury or clinical observation ( Table 5 ; Fig. 2 ). Eighteen (41.9%) of this group of patients had at least one solid organ with severe injury (grades III-V). These severe injuries included 15 liver and 3 renal lesions. Two patients with left thoracoabdominal injuries underwent laparoscopic evaluation, which showed a diaphragmatic injury. Both patients had a successful laparoscopic repair of the diaphragm. The remaining 41 patients were clinically observed. Two patients with gunshot wounds failed nonoperative management and required laparotomy 41.3 and 41.5 hours after admission. The first patient had a minor splenic and colon injury and the CT scan was diagnostic but was delayed in violation of the protocol. The second patient had kidney and diaphragm injuries. Both patients had an uneventful recovery ( Table 6 ). Four patients (3 with grade IV and 1 with grade III liver injuries) had angio-embolization of a false aneurysm or suspected active bleeding which were diagnosed on CT scan. Overall, 39 patients (25.7% of all patients) with 42 solid organ injuries were successfully managed nonoperatively ( Fig. 2 ). Including the 2 patients who underwent laparoscopic repair of the diaphragm, 41 patients (27.0%) successfully avoided a laparotomy. Overall, 28.4% of all injuries to the liver, 14.9% of kidney, and 3.5% of splenic injuries were successfully managed nonoperatively. There were no deaths or complications in the group of patients selected for nonoperative management, including the 3 patients who failed observation (Table 6 ). Table 7 shows the specific management of all 185 solid organ injuries, treated operatively or nonoperatively. Overall, 42.2% of the injuries did not require an operation or at laparotomy no specific treatment of the solid organ injury was needed. On the other extreme, 22.5% of liver injuries required complex procedures and damage control techniques to control bleeding.
Solid Organ Management

Isolated Solid Organ Injuries
There were 42 patients with isolated solid organ injuries (29 with grades I or II and 13 with grade III-V injuries). Twenty-nine of these patients (69.0%) were successfully managed nonoperatively. Eight of the patients who were managed nonoperatively had severe (grades III-V) injuries (including 3 patients with grade IV injury), as compared with only 2 patients (both with grade III injury) in the group undergone operation. No complications occurred in the group of 29 patients who were managed nonoperatively. One patient (7.7%) in the operative management group developed an abdominal complication. This patient had a grade IV renal injury and developed urine leak, requiring hospitalization for 17 days. The mean hospital stay was 3.0 days in the observed group and 6.0 days in the group which underwent laparotomy (P ϭ 0.002, Mann-Whitney U test), even though the observed group included more severe injuries (Table 8 ).
DISCUSSION
Selective nonoperative management of stab wounds to the abdomen has become the standard of care nationwide. About 50% of stab wounds to the anterior abdomen and about 85% of stab wounds to the posterior abdomen can safely be managed nonoperatively. 1, 2 Even in the presence of peritoneal violation, a significant number of patients have no major intra- abdominal injury requiring operation. In a prospective study of 476 patients with stab wounds and proven peritoneal penetration, 27.6% had no significant intra-abdominal injury. 1 The management of gunshot injuries to the abdomen has remained unchanged for many decades, with mandatory laparotomy being the standard practice. However, this concept has been challenged and some centers with extensive experience with penetrating injuries practice a selective nonoperative management. [3] [4] [5] [6] [7] [8] [9] [10] Approximately 30% of abdominal gunshot wounds to the anterior abdomen and about 67% of gunshot wounds to the back can safely be managed nonoperatively. 4, 5 Selective nonoperative management of blunt trauma to intra-abdominal solid organs has been established as the only acceptable standard of care. The success rate of nonoperative management ranges from 60% to about 90%. [11] [12] [13] [14] [15] [16] However, the role of nonoperative management in penetrating solid organ injuries has not been widely explored and routine laparotomy remains the usual practice. The first report of selective nonoperative management of penetrating injuries to the liver was published in 1986. In a prospective study of 63 patients with stab wounds to the liver, 33% were successfully managed nonoperatively. 17 In a subsequent study by Renz and Feliciano in 1995, the authors reported 13 patients with gunshot wounds to the liver who were successfully managed nonoperatively. 18 Another study from our center, in 1997, suggested that not all gunshot wounds to the liver need operation. 4 Ginzburg et al 10 in 1998 reported 4 cases with gunshot wounds to the liver who were successfully managed nonoperatively. In 1999, our program reported successful nonoperative management in 21% of 52 patients with isolated gunshot wounds to the liver. 19 The present study has shown that 28.4% of patients with penetrating injuries to the liver, mainly gunshot wounds, can safely be managed nonopera-tively. Even in severe injuries (grades III-V), 23.5% of patients were successfully managed nonoperatively. Interventional radiology with angiographic embolization may play a critical role in the successful management of these patients. Four patients in our series with CT scan "blush" were successfully managed with angiographic embolization.
Renal injuries are theoretically more amenable to nonoperative management than other intra-abdominal solid organ injuries. The retroperitoneal position of the kidneys may contain bleeding, and the rich blood supply may promote healing even after severe parenchymal injuries. The success rate of nonoperative management of blunt renal trauma not involving the renal vessels has been reported as high as 95%. 20 Small series of successful nonoperative management of patients with stab wounds to the kidneys were published as far back as 1985. 21, 22 A more recent study by Wessells et al 23 suggested that grade II penetrating renal injuries can successfully be managed nonoperatively. In a retrospective review of 200 renal stab wounds treated at the San Francisco General Hospital over a 20-year period, Armenakas et al 24 reported successful nonoperative management in about 50% of the patients. Gunshot wounds are significantly more likely to result in severe kidney injuries than stab wounds. 23 However, in our experience, even with gunshot injuries, in nearly 40% of the cases there is no need for surgical exploration of the kidney unless there is a hilar injury or continuous bleeding. 25 Routine exploration of the injured kidney may result in the unnecessary loss of the kidney. The loss of a kidney, especially in the presence of other major associated injuries or septic complications, may increase the risk of renal failure. In the present study, 14.9% of all patients with penetrating kidney injuries (or 50% of patients with isolated injuries) were successfully managed nonoperatively.
There is very little published work on the safety and feasibility of the nonoperative management in penetrating splenic injuries. Pachter et al 26 in 1998 reported 6 cases with stab wounds to the spleen managed nonoperatively. In the current study, the success rate was only 8.3% for minor injuries (grades I, II), and 0% in severe injuries. The high incidence of associated hollow viscus or diaphragm injury (89.3%) precludes the liberal application of nonoperative management for these injuries. Laparoscopic evaluation of the diaphragm should be liberally considered in patients selected for nonoperative management.
One of the major reasons for the reluctance of the surgical community to adopt a selective nonoperative approach in pa- tients with penetrating solid organ injuries is the concern of missing other significant intra-abdominal injuries, especially hollow viscus perforations. The present study has shown that 39.6% of penetrating liver injuries, 30.4% of renal injuries, and 10.7% of splenic injuries do not have any other significant intra-abdominal injuries. Armenakas et al, 24 in a review of 200 stab wounds to the kidneys, reported that in 39% of the cases, the injuries did not involve any other intra-abdominal organ. In another study from our center, 34% of 152 patients with gunshot wounds to the liver had no other significant intra-abdominal injuries. 19 The early identification of patients with associated intra-abdominal injuries or significant bleeding is the cornerstone of selective nonoperative management. Careful initial and subsequent serial clinical examinations are very reliable and safe in the evaluation of both stab wounds and gunshot wounds to the abdomen. [1] [2] [3] [4] [5] [6] [17] [18] [19] [21] [22] [23] [24] Patients who are clinically unevaluable (ie, severe head trauma, spinal cord injury, need for other extra-abdominal operations) should not be considered for nonoperative management. Alcohol or illicit drugs do not seem to adversely affect the reliability of physical examination. [4] [5] [6] The addition of CT scan evaluation of the abdomen and lower chest has greatly enhanced the safe selection of patients for nonoperative management. 10, 26 CT scan findings diagnostic or suggestive of hollow viscus injury automatically preclude observation and avoid any delays in surgery. In a prospective study from our center, 100 patients with gunshot wounds to the abdomen who were hemodynamically stable and had no signs of peritonitis underwent CT scan evaluation of the abdomen. The sensitivity and specificity in identifying significant intraabdominal injuries were 98.5% and 96.0%, respectively. 27 Ginzburg et al, 10 in a similar study with 83 patients, reported a sensitivity of 100%. The combination of a careful clinical examination and a contrast CT scan is highly sensitive in identifying or highly suspecting any hollow viscus injury. The benefits of successful nonoperative management should be weighted against the risks of missed hollow viscus injuries and delayed treatment. In the present study, the diagnosis was delayed in 2 cases with hollow viscus injuries (in both cases, there was a violation of the protocol regarding the CT scan evaluation). Both patients recovered uneventfully. In a collective review of 5 prospective studies with 728 patients with penetrating abdominal injuries, selected for nonoperative management, the incidence of delayed diagnosis was 3.4% and there was no mortality and no increased intra-abdominal septic complications. 28 It is possible that patients with hollow viscus injuries and no clinical signs of peritonitis on admission have small and walled off perforations and delay of treatment by a few hours does not result in increased morbidity. 28 Routine laparotomy for all diagnosed solid organ injuries in this study would have resulted in a significant number of nontherapeutic laparotomies. The complication rate in nontherapeutic laparotomies for trauma is significant. In a collective review of 1489 nontherapeutic laparotomies, the complication rate was 14.6%. 28 There are few data comparing outcomes in penetrating solid organ injuries managed operatively versus nonoperatively. In a previous study from our center, grade II gunshot injuries to the liver managed nonoperatively had fewer blood transfusions and a shorter hospital stay than similar injuries managed operatively. 19 In the present study, nonoperative management of isolated liver injuries was associated with a significantly shorter hospital stay than patients treated operatively (3.0 vs. 5.5 days, P ϭ 0.015), even though the nonoperative group included more severe injuries. As discussed above, the complication rate of an exploratory laparotomy without any therapeutic interventions is 14.6%. There were no complications in the 41 patients with 44 solid organ injuries, including 18 patients with severe (grade III-V) injuries who were treated nonoperatively. The liver-related complications in severe liver injuries managed operatively are higher than 50%. In a prospective study of 49 patients with grade III to IV liver injuries managed operatively at our center, the incidence of liver-related complications was 51%. 29 In a similar study of 36 grade III or IV penetrating liver injuries treated operatively, Knudson et al 30 reported liver-related complications in 52% of survivors. There is evidence that in blunt liver trauma, nonoperative management is associated with fewer abdominal complications than operative management. Croce et al 16 reported fewer blood transfusions and abdominal complications in blunt liver injuries managed nonoperatively than in similar injuries managed operatively. Similar results have been reported for blunt renal injuries. Robert et al 31 and Moudouni et al, 32 in studies of severe blunt renal injuries, concluded that operative management was more likely to result in the loss of the injured kidney than in nonoperative management.
CONCLUSION
In the appropriate trauma center environment, selective nonoperative management of penetrating abdominal solid organ injuries, especially liver injuries, has a high success rate and a low complication rate. High-grade injuries do not preclude nonoperative management.
Discussions
DR. DAVID B. HOYT (SAN DIEGO, CALIFORNIA): The earliest description of the nonoperative management of ab-dominal gunshot wound that I can find was written by Ambrose Pere in 1520. The patient had an epigastric gunshot wound and passed the bullet per rectum about 5 days postinjury without complication. This study is one of many over the last 20 years showing the evolving indications for laparotomy following abdominal trauma in general.
First we learned from the pediatric surgeons using primitive ultrasound that nonoperative management of splenic and liver injuries was possible. This evolved into nonoperative management of blunt cell organ injury in adults and that is now common practice.
Selective management of penetrating injuries has been advocated before but has really not been adapted due to concerns over delayed complications of bleeding and sepsis, and Dr. Demetriades alluded to this. The current study, however, demonstrates that using CT scanning you can better select patients who don't need operation. In their hands, 25% of patients can be so selected. Again, patients that are hemodynamically stable and have no peritoneal signs.
The critical question in reviewing a manuscript to me is how good CT scan is in this situation. And this leads me to 4 questions.
First, are there minimal criteria for the CT protocol in your institution that you use in this situation that should be used by the rest of us if we incorporate this into our own practice-specifically, the number of slices? Is there a density CT scan that is minimum, thickness of slices, use of oral contrast, IV contrast, water versus ionic contrast?
Secondly, what are your CT criteria that suggest enteric or diaphragmatic injury? You didn't really specifically address that in your manuscript. You alluded to it in the presentation. But can you share with us what would you call somebody that had a suspicious enteric injury on CT? Particularly, was this a useful criteria than in predicting actual enteric injury?
Third, you showed some pictures of blushes. But can you describe the blush that would force you to operate if you do delayed scanning to detect if there is persistent extravasation? How do you do that with a CT scan since you don't have that same dynamic on an angiogram?
Finally, is there a typical trajectory that really corresponds to the kind of group of patients that you are talking about? The first indications that this was possible were really with people with tangential wounds over the liver. Have you expanded those trajectories? Or can you help us understand what the typical patient is?
Again, the group at USC has led this area not only in the abdomen but also in the neck and the chest, and I appreciate the opportunity to discuss the paper.
DR. DEMETRIOS DEMETRIADES (LOS ANGELES, CALIFORNIA):
We use an old model CT scan. We specifically request 3 millimeter cuts and we always give intravenous contrast. We
Demetriades et al
Annals of Surgery • Volume 244, Number 4, October 2006 practically never use oral contrast because of the risk of aspiration and delay of the procedure. How reliable is the CT scan? I think that the combination of CT scan and a careful initial and subsequent serial clinical examinations is extremely reliable in identifying any significant injuries. It is very rarely that you miss any hollow viscous injuries.
What are the CT scan diagnostic criteria, which are suspicious for hollow viscous injury? Number one, very often tiny amounts of free air are found somewhere. This is the most diagnostic finding. In addition to that, local thickening of the bowel wall or mesenteric stranding, are suspicious signs. But again I would repeat, it is the combination of clinical examination and the CT scan findings, not the CT scan alone.
The next question is about the management of patients with a blush on CT scan. It all depends on the clinical condition of the patient. If the patient is hemodynamically unstable, he will go to the operating room immediately. If he becomes hemodynamically unstable during the CT scan, he will go from the CT scan to the operating room. If the patient is stable he will go the angio suite for evaluation and possibly angioembolization. Most likely in our experience it is a false aneurysm. Less often it is a slow, continuous bleeding. The success rate of embolization of these conditions is excellent.
The last question was about the trajectory of the bullet. Thin CT scans provide a good picture of the missile trajectory. The ideal candidate for non-operative management is a patient with a penetrating injury over the liver or kidneys with a CT trajectory away from hollow viscera or major vessels.
DR. ANTHONY A. MEYER (CHAPEL HILL, NORTH CAROLINA): I worry a little bit about the concept of pushing this continually further. Although you describe a high incidence of the finding hollow viscous injuries on CT, all the data from blunt hollow viscous injuries detected by CT show that CT is generally a poor predictor of hollow viscous injury, and free air is often not seen. You can use some of the more vague criteria that you describe in terms of thickening, but without that, looking for using CT is notably difficult.
The other one had to do with the question of what is your complication rate with regard to delayed operations in patients who have peritonitis since it is a clinical finding and oftentimes masked by things such as drugs or other things in the preoperative patient? What do you get as your complication rate when you delay until you have peritonitis? I know you said it was about a 7-hour delay, but there is obviously spectrum. What is your complication rate in those compared to what you described historically from a 14.6% complication rate in non-therapeutic operations?
DR. DEMETRIOS DEMETRIADES (LOS ANGELES, CALIFORNIA): You are right, many studies have reported fairly low sensitivity and specificity of the CT scan in diagnosing hollow viscus injuries. In our center we have better results than those reported. In a recent prospective study of 100 patients with abdominal gunshot wounds from our center, the sensitivity and specificity of CT scanning in identifying significant injuries was 90.5% and 96%, respectively. But most importantly, I want to stress what I mentioned earlier about the importance of the combination of clinical examination and CT scan. You never make a decision exclusively on the basis of the CT scan findings.
Your next question was about the complication rate for delayed operations. We read quite a lot about the magic number of 4 hours or 6 hours delay, after which the complication rate goes up. I do not agree with these figures. In this series, we had no complications in the 3 or 4 patients with delayed procedures. As you may remember, a few of years ago we did a prospective American Association for the Surgery of Trauma study, which included about 300 patients with penetrating colon injuries requiring resection. In the analysis, we compared complications in patients going to the operating room within 6 hours of injury with those operated on after 6 hours. We found no difference in the complication rate in the 2 groups. The most important factor for the development of septic complications is the degree of peritoneal contamination. If you have severe fecal contamination, the patient will develop septic complications even if you operate within 20 minutes of the injury. On the other hand, if you have a small perforation of the colon with minimal and contained fecal spillage, the patient will do well, even if you operate after more than 6 hours. So, it is mainly the degree of contamination, not the delay of a few hours.
DR. RICHARD J. MULLINS (PORTLAND, OREGON): My first question is, do you feel that the non-therapeutic laparotomy rate should be included in the evaluation of trauma center registry data as an indication of quality of care? In other words, if a trauma center has too many nontherapeutic laparotomies, is that an indication of inferior care?
Second, do you feel that if there is a delay in therapeutic laparotomy in one of your patients that should be presented at your morbidity and mortality conference as a complication? Even though the patient doesn't have a problem, you have delayed intervention.
And the third question, I understand that at your hospital, your level 1 trauma center dedicated to the care of a lot of patients, this is an acceptable protocol. Suppose I am practicing in a small town, I am the only surgeon on call, and I have somebody who is shot in the abdomen. Are you advocating that I follow the same protocol that you are following at USC? Or do you think that this is maybe something that is only applicable to certain centers? DR. DEMETRIOS DEMETRIADES (LOS ANGELES, CALIFORNIA): Is a nontherapeutic laparotomy a complication? Absolutely, yes. In our program every non-therapeutic operation is discussed as a complication.
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Abdominal Solid Organ Injuries Is a delay of the operation discussed as a complication. Absolutely yes! It is consider as a serious complication and will be discussed at the weekly M&M meeting.
Is this approach of selective non-operative management suitable for small peripheral hospitals? No. This is not the easy way out. The easy way out is to do a laparotomy, find nothing, close the abdomen and send the patient home a couple of days later. The nonoperative management is difficult way out. You need to have surgeons in-house, you need to have capabilities of monitoring this patient all the time. At the beginning you examine the patient every 10 to 15 minutes. Later on, you need to go back hourly and then once every 2 or 3 hours. So it is a difficult way out. I wouldn't recommend it for small non-trauma centers or not well staffed centers.
DR. KENNETH G. SWAN (SOUTH ORANGE, NEW JERSEY): You had in the right arm of your algorithm unstable vital signs and signs of peritonitis. And obviously that means physical findings and you said repeatedly signs of peritonitis and physical findings.
I am distressed to find amongst medical students that their physical diagnosis courses led them to believe that peritonitis doesn't exist unless you have rebound tenderness. And I think most surgeons know that that is excessive. So if so much emphasis is placed on physical findings and you have been very appropriately cautious to not give narcotics to mask the findings, what are your definitions of peritonitis on physical exam? In these cases we will not try nonoperative management. If the patient has a head injury, a spinal cord injury, or if he is undergoing another extra-abdominal operation, we will perform a laparotomy. We will not observe this patient because the benefit of clinical examination is lost.
